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Supplementary Methods 21 
Supplementary Note 1: Calculation of light emission from a charged particle moving parallel to the 22 
surface of the broadband angular filter.    23 
We begin with the analytical calculation of Cherenkov radiation created from a charged particle moving 24 
with its trajectory parallel to the top surface of the broadband angular filter [Fig. 1]. The broadband angular 25 
filter is comprised of many stacks of 1D photonic crystals [Supplementary Fig. 1a]. In our design, the 26 
proposed particle detector can perform well when the charged particle is very far away from the surface of 27 
the broadband angular filter. Such a particular setup effectively avoids the direct interaction between the 28 
charged particle and the broadband angular filter. Therefore, the proposed structure in Fig. 1 can maintain 29 
a low rate of secondary particle production triggered by the original particle. 30 
The induced current density by the charged particle with a velocity of ?̅? = ?̂?𝑣 is   31 
                                                   𝐽(̅?̅?, 𝑡) = ?̂?𝑣𝑞δ(𝑥)δ(𝑦)δ(𝑧 − 𝑣𝑡)                                   (1.1) 32 










𝑧𝛿(𝜌)    (1.2) 34 
where 𝑞  is the elementary charge. Correspondingly, the induced electric and magnetic fields in the 35 
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     (1.4) 38 
where 𝑘𝜌 = √ h𝑘0
2 − 𝑘𝑧
2, 𝑘0 = 𝜔/𝑐, and h is the relative permittivity of the host material in which the 39 
charged particle moves. In the main text, we set that the dielectric regions above and below the broadband 40 
angular filter both have h. For simplicity, we let h = r1 in the numerical calculation in this work. 41 
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To facilitate the analytical calculation, a vector potential ?̅? = ?̂?𝜙TM,0  is introduced below so that the 42 
equations (1.3-1.4) are equivalent to [19]  43 
                                                                    ?̅?(?̅?, 𝜔) =
i
𝜔𝜀0𝜀h
∇ × ∇ × ?̅?                      (1.5) 44 
                                 ?̅?(?̅?, 𝜔) = ∇ × ?̅?                             (1.6) 45 
















 and 𝑘𝑦 = √ h𝑘0
2 − 𝑘𝑧
2 − 𝑘𝑥
2 are the components of wavevector along the 𝑧 and 𝑦 directions, 48 
respectively. For Cherenkov radiation, it can propagate to the far field only if 𝑘𝑦 is a real number. As such, 49 
the regular Cherenkov radiation in the host material arises only if 𝑣 > 𝑣th, where 𝑣th =
𝑐
√𝜀h
 is known as 50 
the Cherenkov threshold in the host material.  51 
For the structural and coordinate setup in Fig. 1, only the p-polarized light has the field component of 𝐸𝑦, 52 
and only the s-polarized light has the field component of 𝐻𝑦. The broadband angular filter in Fig. 1 is 53 
judiciously designed to be transparent only to the p-polarized light with the incident angle equal to the 54 
Brewster angle. This way, below we first focus on the analytical calculation of the emitted p-polarized light 55 
from the charged particle. That is, we first calculate 𝐸𝑦 in the regions below the particle trajectory, and then 56 
go to the calculation of 𝐻𝑦 in the regions below the particle trajectory by following a similar procedure.  57 


















ei𝑘𝑥𝑥+i𝑘𝑦|𝑦|+i𝑘𝑧𝑧  (1.8) 59 
Recall that the broadband angular filter in Fig. 1 is a 1D layered structure and is beneath the particle 60 
trajectory. Then the scalar potential 𝜙TM,𝑗 in the 𝑗
th region takes the following form  61 
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𝜙TM,𝑗 = ∫ d𝑘𝑥(𝑇𝑝,𝑗




ei𝑘𝑥𝑥+i𝑘𝑧𝑧     (1.9) 62 
where 𝑦𝑗 is the position of boundary between the (𝑗 − 1)
th and 𝑗th regions. To facilitate the calculation, the 63 
host material in which the particle moves is denoted as the 0th region. Accordingly, the field 𝐸𝑦 in the 64 















ei𝑘𝑥𝑥+i𝑘𝑧𝑧   (1.10) 66 
Below we denote 𝐸∥,𝑗 as the component of electric field parallel to the incidence plane of light with a certain 67 
𝑘𝑥, and we denote 𝐻⊥,𝑗 as the component of magnetic field vertical to the incidence plane with 𝑘𝑥. Both 68 
𝐸∥,𝑗 and 𝐻⊥,𝑗 are parallel to the surface of the broadband angular filter. By applying the Gauss’s law (∇ ∙69 
?̅? = 0) and the Faraday’s law (∇ × ?̅? = i𝜔𝜇0?̅?), these field components 𝐸∥,𝑗 and 𝐻⊥,𝑗 of the p-polarized 70 
light can be calculated as   71 













+ e−i𝑘𝑦,𝑗(𝑦−𝑦𝑗)) ei𝑘𝑥𝑥+i𝑘𝑧𝑧 (1.11) 72 








+ e−i𝑘𝑦,𝑗(𝑦−𝑦𝑗)) ei𝑘𝑥𝑥+i𝑘𝑧𝑧             (1.12) 73 
where the in-plane wavevector of these fields has ?̅?∥,𝑗 = 𝑘𝑥?̂? + 𝑘𝑧?̂?. By matching the boundary conditions 74 
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For the 𝑗th  region with a thickness of ℎ𝑗 = 𝑦𝑗+1 − 𝑦𝑗 , the reflection and transmission coefficients are 82 
determined by  83 








− ],                                                         (1.16) 84 
where the scattering matrix 𝑆2𝑗 in the 𝑗









 and the reflection from the infinity being 𝑅𝑝,𝑔
− =87 
0, all the coefficients (𝑇𝑝,1
± , 𝑇𝑝,2
± , … , 𝑇𝑝,𝑔
±  and 𝑅𝑝,1
± , 𝑅𝑝,2
± , … , 𝑅𝑝,𝑔
± ) can be solved with the method of transfer 88 
matrix [25,37]. Here 𝑦 = 𝑦𝑔 is the last boundary of the configuration. With the knowledge of 𝐸𝑦 in the 89 
frequency domain, the time-domain distribution of the electric field 𝐸𝑦(𝑥, 𝑦, 𝑧, 𝑡)  at 𝑦 = 𝑦0  can be 90 
expressed as 91 
𝐸𝑦(𝑥, 𝑦0, 𝑧, 𝑡) = 2Re{∫ d𝜔
+∞
0
𝐸𝑦(𝑥, 𝑦0, 𝑧, 𝜔)𝑒
−i𝜔𝑡}                    (1.19) 92 
Accordingly, for the calculation of the s-polarized light emitted from the charged particle, one can express 93 










ei𝑘𝑥𝑥+i𝑘𝑦|𝑦|+i𝑘𝑧𝑧                      (1.20) 95 
After a similar calculation procedure to that of the p-polarized emitted light, the matrix equation at the 96 
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− ]     (1.22)                                       101 
The scattering matrix in equation (1.22) is S4𝑗 = [
0 𝑒i𝑘𝑦,𝑗ℎ𝑗
𝑒i𝑘𝑦,𝑗ℎ𝑗 0
].   102 
Similarly, the transmission and reflection coefficients for the s-polarized light ( 𝑇𝑠,1
± , 𝑇𝑠,2
± , … , 𝑇𝑠,𝑔
±  and 103 
𝑅𝑠,1
± , 𝑅𝑠,2
± , … , 𝑅𝑠,𝑔
± ) can also be solved by the method of transfer matrix. 104 
 105 
Supplementary Note 2. Broadband angular filter for Brewster-Cherenkov detectors and more 106 
discussion on Fig. 2a-d 107 
This section serves as the complementary information for Figs. 1&2a-d. Supplementary Fig. 1a shows the 108 
structural schematic of the broadband angular filter, which is used for the Brewster-Cherenkov detector in 109 
Fig. 1.  When the light emitted from a swift charged particle interacts with the broadband angular filter, 110 
only the p-polarized light incident at the Brewster angle can safely pass through the broadband angular 111 
filter. This information can be concluded from Supplementary Fig. 1b-e, which shows the distribution of 112 
electric field 𝐸𝑦 for the transmitted Cherenkov radiation in the detection plane as a function of working 113 
wavelength and the pseudo Brewster-Cherenkov angle. All structural setup in Supplementary Fig. 1b-e are 114 




Supplementary Figure 1 | Broadband angular filter for the Brewster-Cherenkov detector. a, 117 
Schematic of the broadband angular filter, comprised of two transparent dielectrics. b-e, Transmission 118 
coefficient for the p-polarized light as a function of the wavelength and the pseudo Brewster-Cherenkov 119 
angle 𝜃BCR. For the transmitted Cherenkov radiation, cos𝜃BCR = 𝑘𝑧/𝑘BCR, where 𝑘𝑧 = 𝜔/𝑣 and ?̅?BCR is 120 
the tangential wavevector of incident light parallel to the detection plane. Four elementary particles with a 121 
fixed momentum of 2 GeV/𝑐 are considered in (b-e). By judiciously overlapping the band gaps of different 122 
1D photonic crystals, the broadband angular filter only allows the p-polarized light incident at the Brewster 123 
angle to pass through. A thicker broadband angular filter has a better performance in the angular filtering 124 
[Supplementary Fig. 15]. The results in (b-e) serves as the complementary information for Fig. 2a-d; all 125 
structural setup in (b-e) are the same as Fig. 2a-d.  126 
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Derivation of the pseudo refractive index in equation (2) of the main text.  127 
For conceptual demonstration, here we set region 1 having the relative permittivity of r1 and region 2 128 
having the relative permittivity of r2. By enforcing the electromagnetic boundary condition at the interface 129 
between regions 1 & 2, we can readily obtain the Brewster angle 𝜃Brewster, at which the reflection for p-130 
polarized waves is zero [19]. That is, according to the Brewster effect, the Brewster angle for p-polarized 131 
waves in region 1 has tan𝜃Brewster = √ r2/ r1 [19]. At this Brewster angle, the wavevector component of 132 
light parallel to the interface has 𝑘BCR = 𝑘1𝑠𝑖𝑛𝜃Brewster, where 𝑘1 = √ r1𝜔/𝑐 is the wavevector of light 133 
















, we directly have equation (2) in the main text, namely 𝑛BCR = √
𝜀r1𝜀r2
𝜀r1+𝜀r2
. Due to the momentum 135 
matching at each interface, the value of 𝑘BCR is the same for different regions in the broadband angular 136 
filter, when the light transmits through the broadband angular filter. In addition, we highlight that all 137 
calculations in this work treat the broadband angular filter as a realistic layered structure, instead of an 138 
effectively homogenized material by using the effective medium theory. 139 
 140 
Supplementary Note 3: Electromagnetic property of the broadband angular filter for p-polarized 141 
light  142 
In this section, we briefly introduce the design strategy for the broadband angular filter, which is featured 143 
by the broadband angular selectivity phenomenon for the p-polarized light. The Brewster effect shows that 144 
the p-polarized light at any dielectric boundary is reflection-free if the incident angle is equal to the Brewster 145 
angle. As such, the p-polarized light can safely pass through the 1D photonic crystal comprised of two 146 
regular transparent dielectrics, if the incident angle is equal to the Brewster angle. At the Brewster angle, 147 




𝑘0 = 𝑛BCR𝑘0  according to the Brewster effect. When the incident angle is not equal to the 149 
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Brewster angle, the p-polarized light will be fully reflected if the frequency is within the photonic band gap 150 
of one 1D photonic crystal. The wavelength range for the photonic band gap is dependent on the structural 151 
periodicity [Supplementary Fig. 2]. If many 1D photonic crystals with different periodicities but the same 152 
constituent materials (i.e., two regular transparent dielectrics) are stacked together, the broadband angular 153 
filter can be flexibly constructed; see one example in Supplementary Fig. 2.  154 
 155 
Supplementary Figure 2 | Electromagnetic property of the designed broadband angular filter for p-156 
polarized light. As schematically shown in Supplementary Fig. 1a, the broadband angular filter is 157 
comprised of many stacks (i.e., 𝑀 stacks) of individual 1D photonic crystals. These 1D photonic crystals 158 
are made of two regular transparent dielectrics, which have a relative permittivity of r1  and  r2 , 159 
respectively. The 𝑖th 1D photonic crystal has a pitch of 𝑃𝑖 = 𝑑𝑖1 + 𝑑𝑖2, where 𝑑𝑖1 and 𝑑𝑖2 are the thickness 160 
of two dielectric slabs in each pitch. For all 1D photonic crystals in this work, we choose 𝑑𝑖1/𝑑𝑖2 = 3/2 161 
and set the periodicity number to be 𝑁 = 50. This way, the band gap of each 1D photonic crystal can be 162 
flexibly tunable by changing the value of 𝑃𝑖 . a-c, Transmission of the p-polarized light through a 1D 163 
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photonic crystal. The periodicity is 200 nm in (a), 250 nm in (b) and 300 nm in (c). d, Transmission of the 164 
p-polarized light through the designed broadband angular filter. Here, 𝑀 = 200 , 𝑃0 = 120  nm, 𝑃𝑖 =165 




, and 𝑃𝑀 = 370 nm. By judiciously overlapping the band gaps of these 1D photonic 166 
crystals, the light transmission for the p-polarized light with arbitrary incident angle (except the one equal 167 
to the Brewster angle) is almost zero. In contrast, for the p-polarized light incident with the Brewster angle, 168 
the transmission is unity. e-h, Transmission as a function of the working wavelength in free space and the 169 
value of 𝑘𝑥 under four different values of 𝛽. The value 𝛽 = 𝑣/𝑐 represents the kinematic feature of the 170 
charged particle and determines the value of 𝑘𝑧. To be specific, 𝑘𝑧 = 𝜔/𝑣. The value of  𝛽 is 0.93 in (e), 171 
0.95 in (f), 0.97 in (g), and 0.99 in (h). i-l, Transmission for the p-polarized light as a function of 𝛽 and the 172 
pseudo Brewster-Cherenkov angle 𝜃BCR  at different working wavelengths. For Cherenkov radiation 173 
passing through the broadband angular filter, the pseudo Brewster-Cherenkov angle is the angle between 174 
the component of wavevector parallel to the detection plane (i.e., ?̅?BCR) and the component of wavevector 175 
along the z direction (i.e., ?̂?𝑘𝑧). To be specific, we have the generalized Frank-Tamm formula cos𝜃BCR =176 
𝑐/𝑛BCR𝑣. The working wavelength is 400 nm in (i), 500 nm (j), 600 nm in (k) and 700 nm in (l). The panels 177 
in (i-l) indicate that the generalized Frank-Tamm formula cos𝜃BCR = 𝑐/𝑛BCR𝑣 is insensitive to the working 178 
wavelength in a very broad wavelength range through the judicious design of broadband angular filter.  179 
 180 
Supplementary Note 4: Electromagnetic property of the broadband angular filter for s-polarized 181 
light                                                                            182 
This section discusses about the electromagnetic property of the designed broadband angular filter for the 183 
s-polarized light. We show in Supplementary Fig. 3 that the designed broadband angular filter in 184 




Supplementary Figure 3 | Electromagnetic property of the designed broadband angular filter for the 187 
s-polarized light. This figure serves as the complementary information for Supplementary Fig. 2. All 188 
geometric parameters of the broadband angular filter are the same as those of Supplementary Fig. 2. a-b, 189 
Transmission of the s-polarized light through the designed broadband angular filter. The transmission is 190 
plotted in the linear scale in a, while for clarity, it is plotted in the logscale in b. The transmission of the s-191 
polarized light is almost zero (or < 10−5) for arbitrary incident angle within the wavelength range of our 192 
interest. b, Proportion of the p-polarized light in the Cherenkov radiation created in the host material. 193 
According to the structural setup in Fig. 1, Cherenkov radiation created by the charged particle moving in 194 
the host material simultaneously has the p-polarized light and the s-polarized light. From (a) and 195 
Supplementary Fig. 2, only the p-polarized component of Cherenkov radiation can safely pass through the 196 
broadband angular filter if the incident angle is equal to the Brewster angle. After some calculation, the 197 







, where 198 
𝐼𝑝 and 𝐼𝑠 are the intensity of the p- and s-polarized light in the Cherenkov radiation, respectively. In other 199 
words, the proportion of p-polarized light is dependent on the Cherenkov angle 𝜃CR and the incident angle 200 
𝜃i of light with respect to the broadband angular filter. The s-polarized light dominates Cherenkov radiation 201 
if the incident angle approaches to 90º.  202 
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Supplementary Note 5: Field distribution and photon number of Cherenkov radiation in the 203 
detection plane 204 
Field distribution of Cherenkov radiation in the detection plane 205 
After passing through the broadband angular filter, the transmitted Cherenkov radiation in the detection 206 
plane in the time domain is shown in Supplementary Fig. 4. From Supplementary Fig. 4, the Cherenkov 207 
radiation in the detection plane is symmetric with respect to the projection of the particle trajectory in the 208 
𝑥𝑧 plane (i.e., the 𝑧-axis). We highlight that for Cherenkov radiation passing through the broadband angular 209 
filter, while the direction of their in-plane wavevector ?̅?BCR = 𝑥𝑘𝑥 + ?̂?𝑘𝑧  has a pseudo Brewster-210 
Cherenkov angle with respect to the particle trajectory [Supplementary Fig. 4], their motion in the detection 211 
plane is parallel to the particle trajectory (i.e., along the 𝑧 axis); see their dynamics in the detection plane 212 
in the Supplementary Movie 1. 213 
 214 
Supplementary Figure 4 | Field distribution of transmitted Cherenkov radiation in the detection 215 
plane 𝒚 = 𝒚𝟎 at a specific time moment. For conceptual demonstration, we choose 𝑦0 = 2.3 mm and 216 
𝑣 = 0.93𝑐. a, Field distribution of 𝐸𝑦. The Cherenkov radiation in the detection plane is symmetric with 217 
respect to the 𝑧-axis, namely the projection of the particle trajectory in the 𝑥𝑧 plane. b, Enlargement of 218 
Cherenkov radiation in (a). From the equiphase wavefront of Cherenkov radiation in the detection plane, it 219 
is straightforward to define the in-plane (parallel to the detection plane) wavevector for the transmitted 220 
Cherenkov radiation, namely ?̅?BCR.    221 
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Photon number of Cherenkov radiation in the detection plane 222 
In this subsection, we investigate the dependence of the photon number in the detection plane of Brewster-223 
Cherenkov detectors on the structural property of the broadband angular filter. Results are presented in 224 
Supplementary Figs. 5-6. Specifically, Supplementary Fig. 5 plots the photon number as a function of 225 
wavelength, while Supplementary Fig. 6 shows the photon number as a function of the particle momentum. 226 
Different panels present the influence of the detector parameters. These results indicate that the number of 227 
Cherenkov photons in the detection plane of Brewster-Cherenkov detectors can be significantly improved 228 
through the structural optimization. We compare the photon number to the conventional ring imaging 229 
Cherenkov (RICH) detector and show that both achieve the same order of magnitude number of photons. 230 
 231 
Supplementary Figure 5 | Normalized spectrum of the photon number 𝑵𝐁𝐂𝐑(𝝀)/𝑵𝐑𝐈𝐂𝐇(𝝀). Here, 232 
𝑁BCR(𝜆) (𝑁RICH(𝜆)) is the spectrum of the photon number received in the detection plane of Brewster-233 
Cherenkov detectors (RICH detectors) per unit length of the particle path. For comparison, we set 𝑛 =234 
𝑛BCR = 1.13, where 𝑛BCR  is the pseudo refractive index of the broadband angular filter and 𝑛  is the 235 
refractive index of the RICH radiator. The broadband angular filter is constructed by 𝑀 stacks of 1D 236 
photonic crystal with different pitches, and all these 1D photonic crystals have a period number of 𝑁. 237 
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Different panels correspond to different 𝑀 and 𝑁 (with all other parameters the same as those of Fig. 2 in 238 
the main text). a, 𝑀 = 200 and 𝑁 = 50. b, 𝑀 = 100 and 𝑁 = 50. c, 𝑀 = 50 and 𝑁 = 10. d, 𝑀 = 40 and 239 
𝑁 = 8.  240 
 241 
Supplementary Figure 6 | Normalized photon number 𝑵𝐁𝐂𝐑/𝑵𝐑𝐈𝐂𝐇 as a function of the momentum 242 
for different elementary particles. This figure serves as the complimentary information for 243 
Supplementary Fig. 5. 𝑁BCR,total = ∫ 𝑁BCR(𝜆)𝑑𝜆
𝜆max
𝜆min
 and 𝑁RICH,total = ∫ 𝑁RICH(𝜆)𝑑𝜆
𝜆max
𝜆min
, where 244 
𝑁BCR(𝜆) and 𝑁RICH(𝜆) are given in Supplementary Fig. 5. To perform the integration, we set 𝜆min = 400 245 
and 𝜆max = 700 nm. Different panels correspond to different particle momenta (with all other parameters 246 
the same as those of Fig. 2 in the main text).  a, 𝑀 = 200 and 𝑁 = 50. b, 𝑀 = 100 and 𝑁 = 50. c, 𝑀 =247 
50 and 𝑁 = 10. d, 𝑀 = 40 and 𝑁 = 8.  248 
 249 
Width of the intensity distribution of Cherenkov radiation in the detection plane 250 
The width of the intensity distribution of Cherenkov radiation in the detection plane is plotted in 251 
Supplementary Fig. 7, which indicates that the peak-intensity positions of Cherenkov radiation from 252 




Supplementary Figure 7 | Width of the intensity distribution of Cherenkov radiation in the detection 255 
plane. The figure serves as the complimentary information for Supplementary Figs. 5-6. All structural setup 256 
here is the same as that in Supplementary Fig. 5. a-d, Intensity distribution of Cherenkov radiation in the 257 
detection plane with different values of 𝑀  and 𝑁 . The full widths at half maxima (FWHM) of the 258 
corresponding intensity distribution are given on the right side of each panel.  259 
 260 
Influence on the measurement if the charged particles are in close spatial or temporal proximity 261 
Regarding having multiple particles in close spatial or temporal proximity, when the particles themselves 262 
do not have strong mutual interactions, they can be treated independently and do not affect the accuracy of 263 
measurement. As with other Cherenkov detectors, the multi-particle detection limits then arise from the 264 
response time of the photodetectors. Unlike conventional Cherenkov detectors that have a circle attributed 265 
for each particle, the Brewster-Cherenkov detector would have two straight lines attributed for each particle. 266 
When there are many particles, the images would be many pairs of straight lines in the detection plane. 267 
Normally they are well separated (as illustrated below in Supplementary Fig. 8) and therefore easier to 268 
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process for particle identification. For example, we plot in Supplementary Fig. 8 the intensity distribution 269 
of total Cherenkov photons in the detection plane, when two different charged particles [e.g., a kaon and a 270 
proton with the same momentum of 2 GeV/𝑐] travel along the same trajectory and the generated Cherenkov 271 
photons in the detection plane from these particles are in close spatial proximity. From Supplementary Fig. 272 
8, the peak-intensity positions for these two charged particles are well separated, and hence they can be 273 
used for the identification of these particles. In case there are many such pairs of photon images close to 274 
each other in the detection plane, pattern recognition algorithms would need to be developed, which 275 
associate particles to pairs of photon images in the detection plane. Such algorithms already exist for RICH 276 
and DIRC detectors. 277 
 278 
Supplementary Figure 8 | Intensity distribution of total Cherenkov radiation in the detection plane, 279 
when a kaon and a proton travel along the same trajectory and the generated Cherenkov photons in 280 
the detection plane are in close spatial proximity. Here these charged particles are assumed to have 281 
negligible mutual interactions, and they have the same momentum, i.e. 2 GeV/𝑐. This figure serves as the 282 
complimentary information for Fig. 2e. All geometric parameters are the same as those of Fig. 2e. As 283 
reflected by the plot, the peak-intensity positions for these particles are well separated from each other 284 
which is a property useful for the particle identification.  285 
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Robustness of the performance of Brewster-Cherenkov detectors with respect to particle’s trajectory 286 
From Supplementary Fig. 4 and Fig. 2a-e, the designed Brewster-Cherenkov detector has the potential to 287 
infer the projection of the particle trajectory in the 𝑥𝑧 plane (or the detection plane at 𝑦 = 𝑦0). This is 288 
because the intensity distribution of the transmitted Cherenkov radiation in the detection plane is symmetric 289 
with respect to the projection of the particle trajectory in the 𝑥𝑧 plane. Due to this unique feature, the 290 
sensitivity of Brewster-Cherenkov detectors is in principle insensitive to the direction of particle velocity, 291 
if the particle velocity is parallel to the surface of the broadband angular filter. On the other hand, for the 292 
Brewster-Cherenkov detector, the particle trajectory can be very far away from the surface of the broadband 293 
angular filter. Then if the particle velocity has a very small angle with respect to the surface of the broadband 294 
angular filter (but the particle would not penetrate through the broadband angular filter), the performance 295 
of Brewster-Cherenkov detector would not be degraded, since the feature of the transmitted Cherenkov 296 
radiation in the detection plane is mostly preserved. 297 
Supplementary Note 6: Peak-intensity position of Cherenkov radiation in the detection plane  298 
Calculation of the peak-intensity position of Cherenkov radiation in the detection plane 299 
In this section, we calculate the peak-intensity position of Cherenkov radiation in the detection plane. Recall 300 
that the designed broadband angular filter is comprised of two regular transparent dielectrics. We denote 301 
𝑦𝑎 as the total thickness of dielectric slabs with r1; this definition includes the host material (in which the 302 
charge particle moves) beneath the particle trajectory and the dielectric region between the bottom surface 303 
of the broadband angular filter and the detection plane. Meanwhile, we denote 𝑦𝑏 as the total thickness of 304 
dielectric slabs with r2. Then the distance between the particle trajectory to the detection plane can be 305 
expressed as 𝑦0 = 𝑦𝑎 + 𝑦𝑏. If the incident angle for the p-polarized light is equal to the Brewster angle, the 306 




𝑦𝑎. Similarly, the light propagation in dielectric regions with r2 would have a lateral displacement 308 
along the 𝑥  direction as 𝑥2 =
𝑘𝑥
𝑘𝑦2





2 in all regions, 𝑘𝑦1 = √ r1𝑘0
2 − 𝑘BCR
2  in the region with r1, and 𝑘𝑦2 = √ r2𝑘0
2 − 𝑘BCR
2  in the 310 
region with r2 , where 𝑘BCR = 𝑛BCR𝑘0 . The total lateral displacement experienced by the transmitted 311 

























    (5.1) 313 
where 𝛽 = 𝑣/𝑐. Supplementary Figure 9 shows that equation (5.1) can well predict the peak-intensity 314 
position of the transmitted Cherenkov radiation in the detection plane. 315 
 316 
Supplementary Figure S9 | Normalized peak-intensity position of Cherenkov radiation in the 317 
detection plane vs the momentum of charged particles. This figure serves as the complementary 318 
information for Fig. 4. All the basic structural setups are the same as Fig. 4. The location of the detection 319 
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plane is at the plane of 𝑦0 = 2.3 mm. a-c, Intensity distribution of Cherenkov radiation in the detection 320 
plane at some specific time moments for four typical charged particles with different momenta. The 321 
momentum for all charged particles is 1.8 GeV/c in (a), 2.0 GeV/c in (b), and 2.2 GeV/c in (c). d, Relation 322 
between the normalized peak-intensity position |𝑥BCR/𝑦0| of Cherenkov radiation in the detection plane 323 
and the particle momentum.  324 
 325 
Influence of chromatic dispersion in the broadband angular filter on Brewster-Cherenkov detectors 326 
Indeed, all materials have some dispersion. However, we find that for realistic parameters of particle 327 
detectors using our Brewster-Cherenkov scheme, the dispersion is sometimes small enough so it does not 328 
limit our design. For example, certain transparent dielectrics (e.g., SiO2 and Al2O3 used in this work [44]) 329 
have a very small chromatic dispersion in a wide frequency range (e.g., from visible to near-infrared 330 
regimes). We now consider the dispersion in our analysis and show in Supplementary Fig. 10 that the 331 
chromatic dispersion of these dielectrics in the broadband angular filter will not degrade the performance 332 
of Brewster-Cherenkov detectors. Hence, our findings in the main text hold even when including the 333 
dispersion in the analysis. 334 
Meanwhile, we highlight in the main text that there are two previously reported proposals for design 335 
concepts of nanophotonic Cherenkov detectors. One approach uses metal-based anisotropic metamaterials 336 
[24], and the other approach makes use of all-dielectric 1D photonic crystals [25]. Both of these previous 337 
nanophotonic Cherenkov detectors can only work in a narrow frequency range, resulting from the inherent 338 
large chromatic dispersion of metal in the anisotropic metamaterials [24] or the resonant nature of 1D 339 
photonic crystals [25]. In particular, the mechanism proposed in Ref. [25] cannot be applied to achieve 340 
broadband Cherenkov detectors even if all constituent dielectrics in 1D photonic crystals are reasonably 341 
assumed to be dispersionless. This comparison helps highlight an important advantage of the Brewster-342 
Cherenkov concept we present here: our work for the first time proposes a feasible mechanism to allow the 343 




Supplementary Figure 10 | Influence of chromatic dispersion in the two constituent materials of the 346 
broadband angular filter on the performance of Brewster-Cherenkov detectors. This figure serves as 347 
the complementary information for Fig. 4. The broadband angular filter composed of two regular 348 
transparent dielectrics, whose relative permittivities are r1 and r2, respectively. The structural setup is the 349 
same as Fig. 4b, except for r1 and r2. In the main text, we set r1 = 2.18 (e.g., SiO2) and r2 = 3.07 350 
(Al2O3) by neglecting materials’ chromatic dispersion. When considering the realistic chromatic dispersion 351 
of SiO2 and Al2O3 in the wavelength range of 𝜆min = 400 nm to 𝜆max = 700 nm, r1 varies from 2.2192 352 
to 2.1742, and r2 varies from 3.0835 to 3.0660 [50,51]. This figure indicates that the small chromatic 353 
dispersion in the constituent materials of the angular filter will not degrade the performance of Brewster-354 
Cherenkov detectors. 355 
 356 
Influence of the refraction of light through the broadband angular filter on the peak-intensity position of 357 
Cherenkov radiation in the detection plane. 358 
If the distance between the particle trajectory and the detection plane 𝑦0 is much larger than the finite 359 
thickness of the broadband angular filter, we have 𝑦𝑎/𝑦0 → 1  and 𝑦𝑏/𝑦0 → 0 . By substituting these 360 



















sin 𝜃BCR                (5.2) 362 
Equation (5.2) indicates the linear relation between |
𝑥BCR
𝑦0
| and sin 𝜃BCR. If 𝜃BCR is small, since sin 𝜃BCR ≈363 
𝜃BCR, equation (5.2) also indicates the linear relation between the peak-intensity position of Cherenkov 364 
radiation in the detection plane and the pseudo Brewster-Cherenkov angle [Supplementary Fig. 11].  365 
 366 
Supplementary Figure 11 | Influence of the refraction of light through the broadband angular filter 367 
on the normalized peak-intensity position of Cherenkov radiation in the detection plane. This figure 368 
serves as the complementary information for Fig. 4. All the basic structural setups are the same as Fig. 4. 369 
The designed broadband angular filter has a total thickness of 2.2 mm. a, Normalized peak-intensity 370 
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position |𝑥BCR/𝑦0| of Cherenkov radiation in the detection plane as a function of the pseudo Brewster-371 
Cherenkov angle  𝜃BCR. b, |𝑥BCR/𝑦0| as a function of the momentum for four typical charged particles, by 372 
applying the relation between the pseudo Brewster-Cherenkov angle and the particle momentum in Fig. 4. 373 
The location of detection plane is at the plane of 𝑦0 = 2.3 mm in (a, b). c-d, |𝑥BCR/𝑦0| as a function of the 374 
pseudo Brewster-Cherenkov angle or the particle momentum, where the location of detection plane is 375 
chosen at the plane of 𝑦0 = 23 mm. The dashed lines refer to the approximated results by neglecting the 376 
influence of light refraction through the broadband angular filter, namely by setting ∆(𝑦0) =
∆𝑥BCR
𝑦0
= 0. In 377 
contrast, the solid lines do not have such an approximation; in other words, they consider the influence of 378 
∆(𝑦0) in the calculation of |𝑥BCR/𝑦0|. For a fixed broadband angular filter, the influence of ∆(𝑦0) is 379 
negligible if the value of 𝑦0 is large enough, such as the case in (c,d). 380 
 381 
Supplementary Figure 12 | Normalized peak-intensity position |𝒙𝐁𝐂𝐑/𝒚𝟎| of Cherenkov radiation in 382 
the detection plane for a fixed broadband angular filter as a function of the distance between the 383 
particle trajectory and the detection plane, namely 𝒚𝟎 . This figure serves as the complementary 384 
information for Fig. 4. All the basic structural setup are the same as Fig. 4. The total thickness of the 385 
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designed broadband angular filter is 2.2 mm. The dashed lines refer to the approximated results by 386 
neglecting the influence of light refraction through the broadband angular filter, namely by setting ∆(𝑦0) =387 
∆𝑥BCR
𝑦0
= 0. In contrast, the solid lines consider the influence of ∆(𝑦0). This figure shows that the influence 388 
of ∆(𝑦0) is negligible only if the value of 𝑦0 is large enough. 389 
 390 







+ ∆(𝑦0), where ∆(𝑦0) is the 391 
normalized displacement induced by the light propagation inside the dielectric regions with r2 of the 392 





















                    (5.3) 394 
The influence of ∆(𝑦0) on the value of |
𝑥BCR
𝑦0
| is negligible only when 𝑦0 is large enough [Supplementary 395 
Figs. 11-12]. 396 
Performance of Brewster-Cherenkov detectors when the particle trajectory is not parallel to the top surface 397 
of broadband angular filter  398 
If the particle trajectory is tilted from the parallel plane of the top surface of the broadband angular filter 399 
with an angle 𝛼,  the expression for |
𝑥BCR
𝑦0
| in equation (5.1) should be modified accordingly. By following 400 






























2 . We quantitatively show in Supplementary Fig. 402 
13 that our designed Brewster-Cherenkov detectors can still work well if 𝛼 is small. For example, if 𝛼 403 
varies from −0.5𝑜 to 0.5𝑜, the performance of our Brewster-Cherenkov detector remains almost unchanged 404 




Supplementary Figure 13 | Performance of Brewster-Cherenkov detectors when the particle 407 
trajectory has a tilted angle 𝜶 with respect to the top surface of the broadband angular filter. This 408 
figure serves as the complementary information for Fig. 4. All parameters (except for the value of 𝛼) are 409 
the same as those in Fig. 4b. a, Normalized peak-intensity position |𝑥BCR/𝑦0| of the transmitted Cherenkov 410 
radiation in the detection plane versus the titled angle 𝛼 . b-c, |𝑥BCR/𝑦0| as a function of the particle 411 
momentum, if 𝛼 varies from −0.5𝑜 to 0.5𝑜 in (b) or varies from −1𝑜 to 1𝑜 in (c). This figure indicates that 412 
the titled angle within the range of −0.5𝑜 to 0.5𝑜 has a small influence on the performance of Brewster-413 
Cherenkov detectors. 414 
 415 
Supplementary Note 7: More discussions on the performance of Brewster Cherenkov detectors  416 
Influence of the pseudo refractive index on the sensitivity and momentum coverage of Brewster-Cherenkov 417 
detectors 418 
Supplementary Fig. 14 shows that the pseudo Brewster-Cherenkov angle 𝜃BCR is most sensitive to the 419 
particle velocity 𝑣 around the pseudo Cherenkov threshold. The pseudo Cherenkov threshold is defined as 420 
𝑣th,BCR = 𝑐/𝑛BCR, according to the generalized Frank-Tamm formula cos𝜃BCR = 𝑐/𝑛BCR𝑣. Therefore, the 421 
pseudo refractive index determines the momentum coverage of Brewster-Cherenkov detectors with high 422 




Supplementary Figure 14 | Pseudo Brewster-Cherenkov angle 𝜽𝐁𝐂𝐑 as a function of 𝟏 − 𝒗/𝒄 under 425 
different values of pseudo refractive index 𝒏𝐁𝐂𝐑 . Here we denote 𝛽 = 𝑣/𝑐 . This figure is plotted 426 
according to the generalized Frank-Tamm formula, namely cos𝜃BCR = 𝑐/𝑛BCR𝑣. Due to the sensitivity of 427 
the pseudo Brewster-Cherenkov angle to the particle velocity in the colored regions, these colored regions 428 
indicate that the designed Brewster-Cherenkov detectors can have high sensitivity. In other words, 429 
Brewster-Cherenkov detectors in principle can work in any desired momentum range with high sensitivity 430 
through the judicious engineering of the pseudo refractive index via the Brewster effect. 431 
 432 
Influence of the finite thickness of the angular filter on the performance of Brewster-Cherenkov detectors 433 
When the stack number 𝑀 of 1D photonic crystals and the periodicity number 𝑁 of each 1D photonic 434 
crystal are finite, the p-polarized light incident at the angles very close to the Brewster angle can also safely 435 
pass through the broadband angular filter [Supplementary Fig. 15]. This way, there is a small angular (and 436 
thus spatial) spread of the transmitted Cherenkov radiation in the detection plane, such as those shown in 437 
Fig. 2a-e. This phenomenon would to some extent degrade the sensitivity of Brewster-Cherenkov detectors. 438 
However, the sensitivity of Brewster-Cherenkov detector can still be guaranteed by effectively avoiding 439 
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this phenomenon, through increasing both the values of 𝑀 and 𝑁 in the practical implementation, as shown 440 
in Supplementary Fig. 15. 441 
 442 
Supplementary Figure 15 | Influence of the finite thickness of the broadband angular filter on the 443 
performance of Brewster-Cherenkov detectors. This figure discusses about the p-polarized light. Recall 444 
that the broadband angular filter is constructed by 𝑀 stacks of 1D photonic crystal, and all these 1D 445 
photonic crystals have a period number of 𝑁 . The value of 𝑀  and 𝑁  are indicated in each panel. To 446 
facilitate the numerical calculation of the field distribution of Cherenkov radiation in the detection plane, 447 
we choose 𝑀 = 200 and 𝑁 = 50 in Figs. 2a-e & 4 in the main text. a-c, Transmission of light through the 448 
broadband angular filter as a function of the wavelength and the in-plane wavevector 𝑘||. d-f, Transmission 449 
as a function of the wavelength and the wavevector component 𝑘𝑥 under a fixed value of 𝑘𝑧/(𝜔/𝑐). The 450 
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value of 𝑘𝑧 corresponds to the particle velocity, namely 𝑘𝑧 = 𝜔/𝑣. Here we choose 𝛽 = 𝑣/𝑐 = 0.99 in (d-451 
f). g-i, Transmission as a function of 𝛽 and the pseudo Brewster-Cherenkov angle 𝜃BCR under a fixed 452 
working wavelength of 𝜆 = 500 nm.  453 
Potential choices of the host material where the charged particle moves for Brewster-Cherenkov detectors  454 
We consider in Fig. 1 that the charged particle moves in a homogeneous dielectric material, which is above 455 
the broadband angular filter. The relative permittivity of this host material is chosen to be h in the main 456 
text (e.g., h = r1 used in the numerical calculation). We highlight that the designed Brewster-Cherenkov 457 
detector actually does not have any strict requirements on this host material, because the sensitivity of 458 
Brewster-Cherenkov detectors is determined by 𝑛BCR  of the broadband angular filter, instead of the 459 
refractive index of the host material. For example, this host material can be a transparent dielectric with a 460 
high refractive index. Note that the photon yield of Cherenkov radiation per unit length along the particle 461 
trajectory would increase if the host material has a larger refractive index. Correspondingly, the charged 462 
particle moves in the host material with a larger refractive index would have a larger photon yield in the 463 
detection plane. Moreover, the Brewster-Cherenkov detector can maintain a good performance when the 464 
swift particle moves at a very large distance away from the top surface of the broadband angular filter. Such 465 
a particular setup would effectively prevent the direct interaction between the charged particles and the 466 
broadband angular filter, and therefore, it can keep a low rate of secondary particle production triggered by 467 
the original particle. These feature is useful for Cherenkov detectors in multi-particle environments. 468 
Influence of chromatic dispersion in the Cherenkov radiator medium on the performance of Brewster-469 
Cherenkov detectors  470 
Supplementary Fig. 16 quantitatively shows that the measurement resolution of our Brewster-Cherenkov 471 
detectors will not be degraded by a small chromatic dispersion in the transparent radiator medium, e.g. 472 




Supplementary Figure 16 | Influence of chromatic dispersion in the radiator medium on the 475 
performance of Brewster-Cherenkov detectors. This figure serves as the complementary information for 476 
Fig. 4. Here we set the vertical distance between the particle trajectory and the top surface of the broadband 477 
angular filter to be 2 mm. All other parameters (except for the permittivity h, namely the dielectric constant 478 
of the host material in which the charged particle travels)) are the same as those in Fig. 4b. In the main text, 479 
we use h = r1 for the calculation. To illustrate the effect of chromatic dispersion, we set that h varies 480 
within the range from 0.98 r1 to 1.02 r1 in this figure. 481 
 482 
Possible experimental realization of Brewster-Cherenkov detectors with the combination of the Cherenkov 483 
radiator, the broadband angular filter, and photodetectors 484 
To facilitate future experiments, we schematically show the possible experimental realization of the 485 




Supplementary Figure 17 | Schematic of Brewster-Cherenkov detectors with the combination of the 488 
Cherenkov radiator, the broadband angular filter, and photodetectors. a, 3D view. b, side view.  489 
